is built on a series of rectangular waveguide sections and satisfies most of the above expectations. Its major drawback, however, is the exceptional low bandwidth due to the utilization of only a single return-loss zero in the stepped junction between the input and output guides. Therefore, this paper introduces a new design which is based on a central triple-mode quarterwave transformer region in order to enhance considerably the bandwidth of the twists in [4], while maintaining a compact structure and the possibility of impedance transformation; i.e., input and output waveguides can have different geometries. The principal layout is depicted in
I. INTRODUCTION Among a wide variety of polarization rotating components, 90-degree rectangular waveguide twists play an important role for interconnections of waveguide systems or subsystems. Earlier, twisted waveguide structures have been experimentally designed, e.g., [1] , [2] . With the advent of modern integrated waveguide technology, several restrictions are placed on the realization of waveguide twist sections. They must be computer-aided designed, fabricated without post-assembly tuning and realizable by CNC milling techniques as part of integrated waveguide structures. Moreover, they need to cover a reasonable bandwidth and must be as short as possible. Two attempts to satisfy such requirements have been reported. The continuously varying L-shaped design in [3] can readily be machined but is several wavelengths long and does not lend itself to fast CAD procedures. The design in [4] is built on a series of rectangular waveguide sections and satisfies most of the above expectations. Its major drawback, however, is the exceptional low bandwidth due to the utilization of only a single return-loss zero in the stepped junction between the input and output guides. Therefore, this paper introduces a new design which is based on a central triple-mode quarterwave transformer region in order to enhance considerably the bandwidth of the twists in [4] , while maintaining a compact structure and the possibility of impedance transformation; i.e., input and output waveguides can have different geometries. The principal layout is depicted in Fig. 1 . The central transformer region is based on the propagating TE1O, TM11, and TEO1 triple-mode set representing electrically a three-section quarter-wave transformer. Hence, this design permits the creation of a relatively large operating bandwidth with excellent return-loss performance that can be further extended and improved by using additional transformer sections preceding and/or succeeding the central region. Several different computed and measured results demonstrate the validity of this unique design.
II. THEORY
The theoretical analysis of the compact twist is based on the coupled-integral-equations technique which combines several advantageous features, particularly for the computation of cascaded waveguide sections. (For details the reader is referred, e.g., to [5] .) One of the salient features of the method is the simultaneous inclusion of all edge conditions. Let a1, b1 and a2, b2 in Fig. 2 be the cross-section dimensions of two connected waveguide sections at an arbitrary discontinuity in Fig. 1 [6] fine tunes the design.
HL RESULTS
The twist design for WRI37 waveguides serving the lower 6 GHz band (5.8 to 6.4 GHz) shows extremely high performance (c.f. Fig. 3 Fig. 6 . The computed response demonstrates the excellent wide band performance based on the four return-loss zeros associated with the number of electrical transformer sections. In modern integrated waveguide systems, milling radii need to be accounted for in order to avoid experimental fine adjustments [7] . Therefore, a regularly designed 19 GHz twist including transformation from reduced-height to full-height waveguide (WR42) was redesigned for reasonable milling radii of 1.05 mm; the length of the center section (incl. radii) is 4.5 mm. A commercial software package providing the representation ofthe corner radii by boundary contour mode-matching (BCMM) library elements was used for this purpose [8] . Fig. 7 shows the comparison between measured and computed results. Between 17.5 and 20.6 GHz, the return loss is better than 3 5 dB. The photograph in Fig. 8 mation from reduced-height to full-height waveguide
